The mouse bioassay and high performance liquid chromatography (HPLC) post-column oxidation method are different methods of quantifying paralytic shellfish poisoning toxins. In this study, we compared their ability to accurately quantify the toxicity levels in two types of field sample (oysters and mussels) with different toxin profiles for routine regulatory monitoring. A total of 72 samples were analyzed by both methods, 44 of which gave negative results, with readings under the limit of detection of the mouse bioassay (40 μg/100 g saxitoxin [STX] eq). In 14 oysters, the major toxin components were gonyautoxin (GTX) 1, -2, -3, -4, -5, decarbamoylgonyautoxin-2 (dcGTX2), and decarbamoylsaxitoxin (dcSTX), while 14 mussels tested positive for dcSTX, GTX2, -3, -4, -5, dcGTX2, neosaxitoxin (NEO), STX, and dcSTX. When the results obtained by both methods were compared in two matrices, a better correlation (r 2 = 0.9478) was obtained for mussels than for oysters (r 2 = 0.8244). Additional studies are therefore needed in oysters to investigate the differences in the results obtained by both methods. Importantly, some samples with toxin levels around the legal limit gave inconsistent results using HPLC-based techniques, which could have a strong economic impact due to enforced harvest area closure. It should therefore be determined if all paralytic shellfish poisoning toxins can be quantified accurately by HPLC, and if the uncertainties of the method lead to doubts regarding regulatory limits.
Introduction
Paralytic shellfish poisoning (PSP) is caused by the consumption of shellfish containing neurotoxins produced by naturally occurring phytoplankton groups such as Alexandrium spp. and Gymnodinium spp. Importantly, these toxins cannot be destroyed by common processing steps, including cooking (Diener et al., 2006) . One example of such a neurotoxin is saxitoxin (STX), 57 analogues of which were reported recently (Wiese et al., 2010) . The health standards of most countries dictate that live bivalve mollusks for human consumption must not contain total PSP toxin levels exceeding 80 μg/ 100 g STX eq.
PSP toxins block excitation currents in nerve and muscle cells, ultimately resulting in paralysis and death (Luckas et al., 2004) . Testing shellfish for the presence of PSP family toxins is therefore critical for both consumers and the shellfish industry. The mouse bioassay (MBA) has been the preferred testing method worldwide for over 50 years, and is the official method of AOAC International (Association of Official Analytical Chemists, 2005) . The time from exposure to death in the MBA is used to estimate the amount of toxin present in shellfish, and the assay has a detection limit of 40 μg/100 g STX eq. MBA has the additional advantages of reporting the total toxicity of samples in a short period of time, and it does not require specific instruments. Although the MBA is a reli-acetonitrile. 3) Post-column oxidant-a 100 mM phosphoric acid, 5 mM periodic acid solution adjusted to pH 7.8 with 5 M sodium hydroxide. 4) Post-column acid-0.75 M nitric acid.
Standards
Certified reference materials were purchased from the Institute for Marine Biosciences, National Research Council (NRC) of Canada. The following standards were used: C1 (N-sulfocarbamoylgonyautoxin-C1), C2 (N-sulfocarbamoylgonyautoxin-C2), dcGTX2 (decarbamoylgonyautoxin-2), dcGTX3 (decarbamoylgonyautoxin-3), dcSTX (decarbamoyl saxitoxin), GTX1 (gonyautoxin-1), GTX2 (gonyautoxin-2), GTX3 (gonyautoxin-3), GTX4 (gonyautoxin-4), GTX5 (gonyautoxin-5), NEO (neosaxitoxin), and STX (saxitoxin). All individual stock solutions were prepared following the NRC instructions. Two working solutions were then prepared, the first containing dcGTX2, dcGTX3, dcSTX, GTX1, GTX2, GTX3, GTX4, GTX5, NEO, and STX, and the second containing C1 and C2.
Sample preparation
Farmed oysters Crassostrea gigas and mussels Mytilus galloprovincialis that were harvested from coastal regions of Tongyeong City and Geoje City during the spring of 2010, as part of the marine biotoxin control program of the National Fisheries Research and Development Institute, were analyzed in this study. On receipt, the outside of the shellfish were cleaned with fresh water, and they were then shucked into a No. 10 sieve, and drained for 5 min. PSP toxins were extracted from 100-g samples of homogenized shellfish tissue following the AOAC MBA method 959.08 (Association of Official Analytical Chemists, 2005) using 0.1 M HCl. To deproteinate the samples for high performance liquid chromatography (HPLC) analysis, 25 μL 30% (w/v) trichloroacetic acid (TCA) were added to 500 μL shellfish extract in a microcentrifuge tube, which was then mixed in a vortex mixer and centrifuged at 16,000 g for 5 min. Twenty microliters of 1.0 M NaOH were added to neutralize the solution, which was mixed and then centrifuged at 16,000 g for 5 min. Finally, the solution was filtered through a 0.2 μm syringe filter into an autosampler vial in preparation for LC analysis.
HPLC post-column oxidation analysis
For the analysis of GTXs and STXs, the LC system was equilibrated for a minimum of 20 min at a column oven temperature of 40°C with a 100% solvent A flow at 0.8 mL/min. For the analysis of C toxins, the LC system was equilibrated for a minimum of 20 min at a column oven temperature of 15°C, with 100% solvent C flowing at 0.8 mL/min. Aliquots of working solutions or sample extracts (10 μL for GTXs and STXs, and 5 μL for C toxins) were injected into the HPLC sysable method, there is ethical pressure to eliminate testing with animals (Balls et al., 1995; Hess et al., 2006) . In addition, the MBA provides no toxin profiles, and is subject to considerable variability (Park et al., 1986) .
Alternative methods to reduce the use of MBA testing for PSP toxins in a regulatory environment are therefore becoming desirable. The LC-FLD method was successful in an interlaboratory study (Association of Official Analytical Chemists, 2006) , and was accepted by the Association of Official Analytical Chemists (AOAC) as the first analytical alternative to the MBA. However, this method was overly time-consuming for the routine regulatory monitoring of shellfish for PSP toxins, and cannot distinguish between isomeric toxins that may exhibit significantly different toxicities. Recently, a new high performance liquid chromatography post-column oxidation method (HPLC PCOX) was published; this involves in shorter run times, and demonstrated potential as an alternative to the MBA in our previous study (Song et al., 2013) . The aim of this study was to compare the MBA and HPLC PCOX methods, and evaluate their ability to accurately assess the toxicity levels of two types of field sample with different toxin profiles for routine regulatory monitoring.
Materials and Methods

HPLC equipment
A Finnigan Surveyor Plus HPLC system, equipped with a Finnigan Surveyor FL Plus Detector (Thermo Electron, San Jose, CA, USA), was operated at an excitation wavelength of 330 nm and an emission wavelength of 390 nm. The Post-column Derivatization (Pickering Laboratories, Mountain View, USA) was capable of maintaining temperature at 85°C. The chromatographic columns used were Zorbax Bonus RP 4.6 × 150 mm, 3.5 μm (Agilent, Santa Clara, CA, USA) for the analysis of GTXs & STXs, and Phenosphere-NEXT 4.6 × 250 mm, 5 μm (Phemomenex, Torrance, USA) for the analysis of C toxins.
Reagents
All solvents and reagents were of HPLC grade, and all mobile phase and post-column reagents were filtered through a 0.45-μm membrane before use. The mobile phases used were as follows: 1) HPLC mobile phases for GTXs and STXs-solvent A, 11 mM heptane sulfonate and 5.5 mM phosphoric acid solution adjusted to pH 7.1 with ammonium hydroxide; solvent B, 11 mM heptane sulfonate, 16.5 mM phosphoric acid, 11.5% acetonitrile solution adjusted to pH 7.1 with ammonium hydroxide. 2) HPLC mobile phases for C toxins-solvent C, 2 mM tetrabutyl ammonium phosphate solution adjusted to pH 5.8 with 1% ammonium hydroxide; solvent D, 2 mM tetrabutyl ammonium phosphate solution adjusted to pH 5.8 with 4%
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Mouse bioassay
One milliliter of HCl extract was intraperitoneally injected into 17-23 g mice following the AOAC Official Method 959.08 (Association of Official Analytical Chemists, 2005) , and the death times were recorded. The concentrations of PSP toxins were then calculated, and presented as μg/100 g STX eq sample using Sommer's Table.
Results and Discussion
Comparison of the HPLC PCOX and MBA methods
The HPLC PCOX method used an extraction procedure similar to that of the MBA. Toxins were separated using ionpair chromatography on a reverse-phase column, oxidized with periodate/phosphate buffer, and detected using fluorescence (Rourke et al, 2008) . This method showed high sample throughput and was rapid, suggesting it to be a viable alternative to the MBA for routine monitoring, consistent with our previous single laboratory validation study (Song et al., 2013) .
To compare the HPLC PCOX with MBA, we tested field samples using different matrices. A total of 72 samples of mussels and oysters were analyzed by both methods. Fortyfour samples gave a negative result, which was under the limit of detection (LOD) of the MBA (40 μg/100 g STX eq). Table  3 lists the 28 samples that gave results above the MBA LOD, including the description of the shellfish species, the scientific name, results obtained by both methods, and the toxin composition. The major toxins in the oysters were GTX1, -2, -3, -4, -5, dcGTX2, and dcSTX, whereas GTX2, -3, -4, -5, dcGTX2, NEO, STX, and dcSTX were detected in mussels. C toxins were not detected in any of the samples.
In 8 of 14 oysters (sample codes 2, 3, 4, 5, 6, 10, 11, and 13), a large positive or negative bias (relative standard deviations greater than 15%) was obtained using the MBA or HPLC PCOX (Fig. 1) . A comparison of the results of both methods for oysters indicated a linear correlation of r 2 = 0.8244 (Fig.  2) . However a negative bias of the HPLC PCOX method was obtained in two mussels (sample codes 20 and 21) (Fig. 3) . A comparison of the results of both methods for mussels indicated a better linear correlation of r 2 = 0.9478 (Fig. 4) . When the results obtained by both methods were compared in two matrices, a good correlation for mussels was obtained, but a relatively poor correlation for oysters. Turner et al. (2010) previously analyzed some oyster samples using HPLC PCOX, an electrophysiological assay, and a hydrophilic interaction liquid chromatography with tandem mass spectrometric detection. The results obtained using the other methods showed a good correlation, suggesting that the difference may be due to either an under-or overestimation by MBA and/or the HPLC method. Turner et al. (2012) reported that the presence of some metals (particularly zinc, which is present in oyster matem, and separated using the gradient conditions shown in Table 1. Separated toxins were derivatized using a post-column reaction module (with an oxidant flow rate of 0.4 mL/min, an acid flow rate of 0.4 mL/min, a reaction oven temperature of 85°C, and a reaction coil of 5 m × 0.50 mm id). The derivatives were then detected by florescence.
The amount (μmoles of STXeq) of each toxin in the sample extracts was calculated using the linear regression of the calibration graph, and the specific relative toxicity of each individual PSP toxin was determined (Table 2) . To compare the data with MBA results, the total toxicity of the samples was calculated by totaling the μg/100 g STXeq for each toxin using following equation (Song et al., 2013) :
Where μM = concentration in the extract; 0.3722 = mg STX/μmole; Fvol = final volume of the deproteinated extract (560 μL); Ext.vol = volume of crude extract (500 μL); Wt = sample weight; and ReTx = relative toxicity to STX. http://e-fas.org
Performance of both methods in measuring samples with toxicity around the regulatory limit Fig. 5 shows the detection of PSP toxins at low levels using both methods. The regulatory limit in Korea (80 μg/100 g STX eq) (Korea Food and Drug Administration, 2013) is also shown in the Figure. Arrows indicate samples that gave inconsistent results concerning the regulatory limit, for example those that were above or below the official limit, depending on the analysis method. Importantly, the measurement of some samples using HPLC PCOX would have an economic impact because they would lead to a ban on harvesting. In cases, such as these, that are close to the regulatory limit, the uncertainty of both methods should therefore be considered before decisions allowing or banning the harvesting of shellfish are made. In addition, whether all relevant PSP toxins can be detected by the HPLC PCOX method, and whether the uncertainty of both methods would lead to doubts over the regulatory limits, should be assessed. Investigations of the occurrence of phytoplankton and long-term and short-term monitoring of each specific area would also be required, and precautionary steps should be taken if necessary. However, this is not possible using samples from an unknown harvesting area (origin). When this occurs, methods that assess the toxicity of the samples rather than the presence of toxins may be more appropriate (Ben-Gigirey et al., 2012) .
Adoption of a new method
When considering adoption of a new method into routine monitoring programs, it is important to note that HPLC methods are currently in use, and the number of laboratories using trices) could cause MBA to underestimate toxin levels, while the presence of metals had no effect on the performance of the HPLC method. Additional toxins (for example neurotoxins, including carbamate and organophosphate insecticides) also elicited a positive response in the MBA (Rourke et al., 2008) . Furthermore, MBA performance can be variable when high toxin concentrations are present, which can lead to unexpected results (Botana et al., 1996) . Additional studies using oysters are needed to investigate the differences in the data obtained by the different methods. 
